It is shown that a surface wave will be generated by a horizontal.slot situated above a corrugated or dielectric-coated guiding surface.
(1) INTRODUCTION The literature of surface waves is already fairly extensive, and is still growing. A brief summary of some of the earlier work has been given recently by Barlow and C~l l e n .~ There are now two main fields of work in which surface waves are of interest: the first is the study of radio-wave propagation over the earth; the second is associated with the possible application of surfacewave guides to .low-loss microwave transmission systems. It is towards the latter aspect of the subject that the paper is directed.
The possibility of using surface waves in a microwave transmission system has received added impetus recently through the work of Goubaul on the axial cylindrical form of surface waves, and an experimental verification of this theory has been described recently by Barlow and Karb~wiak.~ It is often compara-
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tively easy to find surface-wave solutions to Maxwell's equations which satisfy the boundary conditions at a given guiding surface, but it is a much more difficult matter to take the source properly into account in the theory. From a practical point of view, the radiation part of the total field produced by the source represents a loss of power. Only a source of infinite extent can give a pure surface-wave field, and we can define as a figure of merit of a finite source the percentage of the total power input which is propagated as a surface wave. The calculation of the "launching efficiency" defined in this way for an arbitrary source is an important, although difficult, aspect of the theory. Goubau has shown recently8 that the excitation by a point dipole of an axial surface wave on a cylindrical guide can be calculated very neatly without solving the whole radiation problem, but a knowledge of the amplitude of the surface wave alone does not enable us to calculate the launching efficiency. Robertsl1 has made a more complete calculation for a special kind of source, namely a ring of magnetic current closely surrounding the wire. A complete solution of the excitation of axial surface waves. by an arbitrary source is very difficult, and for this reason it seemed worth while to attempt a solution of the corresponding 2-dimensional problem. Barlow and Cullen2 have pointed out that the Zenneck-wave field structure is very closely related to that of the Goubau wave; both are E-type surface waves in which the magnetic field is wholly transverse and the electric field has both transverse and longitudinal components. If the surface is a corrugated or dielectric-coated metal plate the Zenneck type of wave is propagated with very little attenuation and closely resembles the Goubau wave on a dielectric-coated wire.
In the present paper the launching of the E-type plane surface wave over such a surface is considered. The source is at first taken to be a slot at a height h above the guiding surface, but this restriction is later removed, and an arbitrary aperture distribution is considered. Whitmers has solved an analogous ZdimensionaE problem of the excitation of H-type plane surface waves (i.e. surface waves with a longitudinal component of magnetic field and wholly transverse electric field), taking a dielectric slab of' infinite extent as the guide and an electric-current filament embedded in the dielectric as the source. Under suitable conditions, high launching efficiencies are achieved. It is shown in the present paper that high launching efficiencies are also found in the case of E-type surface waves, even with a slot source.
They occur when the slot is at a certain critical height above the guiding surface, and this height is calculated for two particular guiding surfaces. Other aspects of the problem, such as the purity of the surface-wave field near the guiding surface, and the: height-gain factor for the radiation field, are considered, and some similarities may be expected in the corresponding results. for the axial cylindrical surface wave.
It is perhaps worth while to mention that recent advances in microwave aerial design suggest that a guiding surface of the type used here may have applications as an end-fire aerial.13
(2) THE SURFACE-WAVE FIELD The corrugated guiding surface we shall consider first for simplicity of calculation is shown in Fig. 1 If Z is purely reactive, so that R = 0, k x and ft are both real, so that the wave represented by eqn. (2) progresses without attenuation in the direction of increasing x, and decreases exponentially with increasing distance from the guiding surface. In the presence of resistive losses, k { and ft are complex, and the wave is attenuated as it progresses over the surface. We are primarily interested in the possibility of launching such a wave from a source of small extent, e.g. a slot in a metal sheet, when the losses in the reactive guiding surface are small. In such cases we shall see that, within a certain range of distances from the source, the surface-wave field is the most important contribution to the total field near the guiding surface.
(3) RESONANT EXCITATION OF A SURFACE WAVE BY A
MAGNETIC CURRENT SHEET The geometry of the idealized problem we wish to solve is illustrated in Fig. 6 . A perfectly conducting vertical screen having cut in it a narrow horizontal slot of infinite length is set at one end of a semi-infinite corrugated surface of the type discussed in the previous Section. The slot is at a height h above the surface, and an alternating voltage V is applied across the slot. The problem is to calculate the resulting electromagnetic field, and in particular, to study the field structure near the corrugated sheet at considerable distances from the source, and to calculate the launching efficiency of the surface wave.
It is convenient to imagine the slot replaced by the equivalent magnetic current filament. This device simplifies the subsequent argument, and was first used in this way by Booker 12 in discussing the relationship between slots and dipoles by means of Babinet's principle. The field produced by a filamentary magnetic current K situated at a height h above an infinite corrugated surface will first be found. It follows from considerations of symmetry that the field configuration to the right of the magnetic current filament is identical with that which would be produced by the slot, and it will have the same amplitude if K = 2V.
The problem of calculating the field produced by an infinitely long magnetic-current filament can be solved by regarding the filamentary magnetic current as a distribution of surface magnetic current in the plane y -h, which can be expressed by means of a Fourier integral as the sum of an infinitely large number of unattenuated travelling waves of surface magnetic current. This method of analysis has been used by Tai and by Whitmer in similar problems. 4 ' 5 The field produced by the filament can be obtained by superposition of the fields produced by the elementary travelling waves into which the filament can be resolved.
It is the purpose of this Section to calculate the field produced by a single travelling wave of magnetic current.
Referring to Fig. 2 , suppose the magnetic current-density in the plane y = h is given by
where jS is real. There will be a discontinuity of tangential electric field equal to K(x) on passing through the sheet, but the magnetic field remains continuous.
The magnetic field above the sheet must either decay exponentially or represent an outward travelling wave, so that we have
The notation -y/ will be used to denote the principal root so that u is positive if real or positive imaginary otherwise.
Between the magnetic current sheet and the guiding surface the magnetic field can be expressed as H z = 
This notation is chosen to be convenient for almost purely inductively reactive guiding surfaces, for if R ~ 0 and X is positive, ki is a positive real number.
Continuity of the magnetic field at y = h gives a relationship between A x and A 2 , using eqns. (5), (7) and (8), thus:
The discontinuity of % x at y = h gives another relationship between A t and A 2 , for we must have 
namely:
The constants A l and A 2 can be found from eqns. (10) and (11), and we get
The remaining constant A 3 is given simply in terms of A 2 by eqn. (8) .
Finally, the magnetic field above or below the magnetic current sheet is given by 
We now consider how the magnetic field depends on j8, the phase coefficient of the travelling wave of magnetic current which generates the field. The most important factor influencing the field is the term (u + k x )j{u -k{). The magnitude and phase angle of this factor are plotted, for several values of kjk, in Figs. 3A and 3B.
The following features of the variation of (« + k{)/(u -k{), which we shall denote by p for brevity, deserve comment. We use p and q to denote any positive real numbers.
(a) p becomes infinite for a certain value of j8
(c) p has a minimum in the range 0 < j8 < k and a maximum at a value of j3 > k if k x is complex and of the form p -jq. The form of eqn. (14) and the physical situation both suggest that p -(u + k{)/(u -k x ) can be interpreted as a reflection coefficient which determines the magnitude of the reflected wave arising from the incident wave generated by the magnetic current sheet. With this interpretation in mind, (b) can be recognized as the Brewster angle phenomenon, for when jS < k the incident field consists of a homogeneous plane wave with an angle of incidence equal to arc sin (j8/&).
However, the phenomenon (a) is at first sight remarkable if it is interpreted as a reflection coefficient, for familiarity with lossfree transmission line theory suggests that |p| cannot exceed unity. It has been shown 6 that in a loss-free waveguide operated below cut-off, as in piston attenuators, an infinite reflection coefficient can be obtained. This is possible because the characteristic wave impedance is purely reactive, and so an equal and opposite reactance as a termination will resonate with the characteristic impedance in such a way as to produce an infinite reflected wave for a finite incident wave. There is no violation of the principle of conservation of energy, since the system is wholly reactive; the effect is closely analogous to the production of an infinite voltage by a finite e.m.f. in a series-resonant circuit of infinite Q-factor. Fig. 4 illustrates the phenomenon schematically for the case under consideration. When jS < k the phase velocity of the travelling wave of magnetic current is less than c, and the field is evanescent above and below the sheet as in Fig. 4(a) . The wave impedance looking downward above the sheet is +jX. The field structure above the current sheet is identical with that of the surface wave over a loss-free corrugated (ii) Mainly reactive.
surface of reactance +jX as shown in Fig. 4 (6). This surface wave can be regarded 1 as an inhomogeneous plane wave "incident" at the (purely imaginary) Brewster angle, and so travelling on (parallel to the sheet) without reflection.
Below the magnetic current sheet of Fig. 4 (a) the wave impedance looking downwards is -jX, and is exactly analogous to the characteristic wave impedance of the piston attenuator referred to earlier. When the corrugated guiding surface is introduced into this field, it forms a resonant termination as illustrated in Fig. 4 (c), which shows a reflection coefficient considerably greater than unity but still finite. An exact analogy is provided by the transmission-line model of Fig. 4(d) . If the exponential factor e-^P* is suppressed in eqn. (14) there is a one-to-one correspondence of the terms in this equation and those in the equation for the current in the transmission line, the e.m.f. e taking the place of the magnetic current sheet.
In Section 4 we shall use the results of the present Section to derive an integral representation of the magnetic field produced by an infinitely long magnetic-current filament parallel to, and distance h from, a corrugated guiding surface. This current filament may be regarded as a distribution of surface current in the plane y = h given by
where K { is the total magnetic current carried by the filament, and 8(x) is the Dirac delta-function-which is zero if x is different
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We now use the complex form of the Fourier integral to represent eqn. (15) as an infinite summation of infinitesimally weak travelling waves of magnetic current having a continuous distribution of phase constants, as follows:
The Fourier transform theorem gives at once
Thus the amplitudes of all the elementary travelling waves are the same, and over an infinitesimal range of phase constants dp the amplitude of the elementary travelling wave is given by jr dp
We have already studied the field produced by such a travelling wave of magnetic current, however, and the required result is obtained if we replace K o in eqn. (14) by the expression (18). To find the field produced by the magnetic current filament, we must superimpose the fields due to the elementary travelling waves into which it has been resolved. This is done by integrating with respect to P from minus infinity to plus infinity.
Before writing down the result, let us make the problem approach a little closer to physical realizability by replacing the magnetic current filament by a slot in a perfectly conducting sheet, as in Fig. 6 . This is possible because of the symmetry of the field produced by the magnetic current filament, which has & y = 0 in the plane x = 0. If the voltage across the slot is V, the result obtained for a magnetic current filament is applicable to the slot problem if we replace K x by 2 V. The result is
This is the required representation of the field H z . If we bear in mind the dependence of u on /?, it is obvious that the evaluation of eqn. (19) will present some difficulty. However, if we are interested in the field near the surface at a large distance from the source, a fairly simple asymptotic solution can be obtained. This is discussed in Section 5.
(5) APPROXIMATE FORMULA FOR THE FIELD The integral eqn. (19) is equivalent to that which arises in the case of propagation of radio waves over the earth, and can be expressed in terms of the Fresnel integral, as is now well known. For our purposes it is desirable to obtain an asymptotic approximation to the field. This can be done by direct evaluation of eqn. (19) if we make use of the methods of contour integration. We regard eqn. (19) as a contour integral along the real axis in the complex jS-plane. If the contour is completed as shown in discussing propagation of radio waves over the earth) the integral remains single-valued at all points on the contour, for the branch points at ±k are excluded. We can therefore apply Cauchy's. theorem of residues to obtain a relationship between the required integral and those on the paths, C u C 2 , C 3 , C 4 and C 5 . Since the real part of u is positive, it follows that the integrals along Q and C 5 vanish as the radius R tends to infinity, if x > 0. Similarly the contribution from the small circle C 3 tends to zero as the radius of the circle tends to zero. The contribution from C 2 and C 4 (the "branch cut") can be obtained as a series in inverse powers of x (which is asymptotic in character), by expanding the integrand in a Taylor series and integrating term by term, and the residue at the pole at j3 t is easily evaluated.
The result is 
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Let us now examine the physical significance of eqn. (20).
In the first place, comparison with eqn. (2) shows that the first term of eqn. (20), which arises from the residue at the pole, represents a surface wave of decay constant k v
The presence of the surface wave is not altogether unexpected in view of the results of Section 3. Consider first a loss-free surface, for which k { is real. A travelling wave of magnetic current having the "resonant" phase velocity co/ft must be present in the spectrum of travelling waves into which the actual line magnetic current has been resolved, and although its amplitude is infinitesimal, the infinite reflection coefficient associated with the resonant phase velocity can give rise to a "reflected" wave of finite amplitude which constitutes the surface wave. In the presence of losses the resonance is damped and the reflection coefficient is always finite, though it is very large for a small range of phase velocities near the resonant velocity. In this case the surface wave arises from a narrow spectrum of inhomogeneous reflected waves (each associated with an elementary exciting wave of magnetic current) having a small range of phase velocities. These waves are in phase at x = 0 but gradually get out of step as they progress. Their resultant therefore decreases in amplitude as x increases, and this effect is exactly equivalent to the exponential attenuation which is to be expected on physical grounds.
In general, the initial amplitude of the surface wave is proportional to I&! | €-•**!* as eqn. (20) shows. We see that the surface wave excitation is a function both of h and of k u the vertical decay-constant characteristic of the surface. Regarded as a function of h (i.e. keeping k l constant), the excitation is greatest when h = 0, but for a fixed finite value of h differentiation shows that if k Y is real the surface wave amplitude is a maximum when
The asymptotic series in eqn. (20) represents the radiation field, and this can be shown as follows. Let us first consider distances so large that only the first term need be considered. To this degree of approximation the radiation field is given by
Consider now the field produced by a horizontal slot over a surface having a reflection coefficient for the magnetic field of minus one. The field from a single slot in free space can be expressed in terms of a Hankel function, for which in turn we 8 may use the asymptotic expression. If kx is large in comparison with unity, and x is large in comparison with y + h, the field from the slot and its image in the reflecting plane is, to a good approximation,
Eqns. (26) and (27) , etc., can be neglected.
The reason for this peculiarity can be seen, at least so far as the critical value of y is concerned, by a very simple analysis of the kind given by Millington (Reference 10: calculations of the "height-gain factor" in connection with the propagation of radio waves over the eartth).
Consider a homogeneous plane-wave incident on the corrugated surface at an angle 6. The relevant field components are 
From the condition that y~ = Z at y = 0, p can be evaluated, and we have
We now look for the condition which makes H z = 0. Substituting eqn. (29) Now consider the radiation field near to the corrugated surface at a great distance from the slot source. This field can be resolved into plane waves, of which those having small angles of elevation, 6, are the most important. With the simplifying restriction that 6 is small, eqn. (30) reduces to the approximate form
kysin6 -^J(M

Xy \K
or (3D
Thus the vanishing of magnetic field at a height l/k t above the surface arises from the interference of the direct and reflected homogeneous plane waves into which the radiation field can be resolved. The important fact emerges that the result is independent of 6 if 6 is small, so that the magnetic field from a spectrum of plane waves vanishes at a constant height l/k h at great distances from the source. (This applies only to the radiation part of the total field, of course; the surface-wave field, consisting of an inhomogeneous plane wave, cannot be resolved into homogeneous plane waves in this way.) A simple application of the reciprocity theorem gives again the more important result, already noted, that for a launching slot placed at the height h = l/k u the first term in the asymptotic expansion of the radiation field vanishes, and the radiation field near the surface becomes much weaker.
Putting h -l/k^in eqn. (23), and substituting in eqn. (20) we find that the radiation part of the field is given by o
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This residual magnetic field vanishes at y = 0 so that the dominant term in the asymptotic series if h = ljk { and y = 0 falls off in amplitude with increasing values of x at least as fast as JC~7/ 2 . This fact might prove useful in an experimental determination of the phase velocity of a surface wave.
(6) RADIATION FIELD AND LAUNCHING EFFICIENCY In this Section we shall consider the radiation pattern of a slot over a purely reactive corrugated guiding surface. From this we can determine the radiated power, and since the power carried by the surface wave can be found easily from the results of Section 5, the ratio of power in the surface wave to total power delivered to the slot can be found. This ratio will be called the "launching efficiency." Since the problem is a 2-dimensional one, we shall have infinite total power if the waves are of infinite extent in the z-direction, so we shall consider the power radiated per unit width of wavefront in the z-direction.
The calculation of the radiation pattern from eqn. (19) can be done by making use of the method of stationary phase or by steepest descents. It is convenient to change to polar co-ordinates (r, 6) , putting x = r cos 6 and y = r sin 6. With this alteration of notation the result is rf-"VG 1 L*/,sine jk sind-k
If we restrict our attention to the case in which k l is real, i.e. purely reactive guiding surfaces, the magnitude of the radiated magnetic field is given by 
where t --r-
The radiation pattern, F(6), has been plotted against 6 in Fig. 7 for the case k { = 0-5/r and for several values of h. The curves show that for k { h = 1 or h -\\k x the radiation field is very weak for small angles of elevation. This is in agreement with the results of the previous Section. However, optimum efficiency of launching the surface wave demands the smallest possible average magnetic field over the whole range of angles from 0 to 90°, so that the total radiated power is minimized. Values of In Fig. 8 , P R and P s are plotted as a function of k { h, and it will be noticed that the radiated power has a marked minimum for k x h -0-63. In Fig. 9 the launching efficiency is plotted as a function of k v h. The remarkably high launching efficiency of 95-2% is reached when k x h = 0-63. The physical reason for the small radiated power is clarified by Fig. 10 , which shows that the phase difference between direct and reflected rays due to difference in path length and the phase change on reflection can combine, for a suitable choice of A, to give a resultant phase which varies very little with 9 and which is almost equal to TT. Under these circumstances, the direct and reflected waves almost cancel for all values of 6, and the radiated power is very small.
(7) EXTENSION TO GENERAL APERTURE DISTRIBUTIONS
The results for the radiation field and surface-wave field produced by a slot can easily be extended to give the field produced by an arbitrary aperture distribution. Let us assume that the tangential component of electric field is specified in the plane x = 0 as a function of h, so that (37) Consider the field produced by that part of the aperture lying between h and h + dh. We can think of this portion of the aperture as a slot across which the voltage <f(h)dh exists, and the preceding formulae are available for calculating the contribution of each such element of the aperture to the total radiation and surface-wave fields. Integration with respect to h over wholeaperture plane then gives the required solution for any specified aperture distribution.
We find for the radiated field nk sin 6 + k x \jk sin 6 -k x and for the surface-wave field Note that as H tends to infinity, Hf tends to zero provided that 3ik { > 0 and a pure surface-wave field is excited. It is obvious that this must be the case physically, for the aperture distribution when H is infinite is simply the pure surface-wave field. The launching efficiency of the aperture distribution [eqn. (40)] has been calculated by the method explained earlier, and the result is shown in Fig. 9 . It is interesting to see that until k { h exceeds about 0-8 a slot provides a more efficient means of launching a surface wave.
(9) COMPARISON WITH GOUBAU'S ANALYSIS AND WITH
BOOKER AND CLEMMOW'S ANALYSIS Goubau 8 has given a general method for calculating the excitation of surface waves on reactive structures, such as the corrugated surface we have been considering, by a point dipole. A trivial extension of his analysis to cover the case of a long slot leads to precisely the same surface-wave excitation as we have found in eqn. (20). However, Goubau's analysis does not give the radiation field (indeed, Goubau emphasizes the interesting fact that the surface-wave field can be found by his method without the need for a complete solution of the radiation problem), and for a calculation of launching efficiency the radiation field must be found.
It is easy to verify that the radiation field and the surf ace-wave field in eqn. (20) are orthogonal, i.e.
-k x y)dy = 0, etc. This again is in accordance with Goubau's more general analysis; in fact it is this orthogonality condition which forms the basis of his treatment of the excitation problem. Booker and Clemmow 7 have given an elegant interpretation of the Sommerfeld theory of radio-wave propagation over a fiat earth, and it is interesting to examine the present problem from their viewpoint.
With this interpretation, the field due to a slot at (0, h) above a surface of specified normal wave impedance is found by adding to the field, H { , produced by the same source over a perfectly conducting surface a "correction field," H 2 , resulting from diffracting the characteristic Zenneck wave under a screen extending upwards to infinity from (0, ~h), the image line of the source. This correction field involves an integration over the "aperture" extending from minus infinity to minus h, and is complicated by the fact that the integrand contains a factor which has the form of the Zenneck wave, and so tends exponentially to infinity at the lower limit of integration. This difficulty is avoided by regarding the correction field as the Zenneck wave seen "direct," H 2 , minus the field H 2 obtained by diffracting the Zenneck wave over a screen extending downwards from minus h to minus infinity. This integral is obviously convergent and can be expressed in terms of Fresnel integrals. The field H 2 then takes the form of a radiation field, for which the leading term varies as 1/yV-Near the surface the leading term of H' 2 ' exactly cancels the leading term of H u and the remaining terms give a field varying as l/(Arx) 3 / 2 , together with the Zenneck surface-wave itself, in agreement with the results of the present analysis. In calculating the field near the surface, however, there is a slight disadvantage in splitting up the integral into separate parts as Booker and Clemmow have done, because this leads to two separate asymptotic series whose leading turns cancel, so that an extra term must be taken in each to get a given degree of approximation in the final result.
The only fundamental difference, however, is that Booker and Clemmow express the source in terms of an infinite spectrum of Fourier components in a vertical plane, whilst we have chosen a horizontal plane. This choice has advantages in considering the launching of surface waves, for they enter into the analysis in a way which provides an intuitive explanation of their presence in the final field.
Macfarlane 9 has made calculations of Zenneck-wave excitation due to a chopped surface-wave excitation by this method, and his result for a highly reactive loaded surface is exactly equivalent to that given by eqn. (42).
(10) DIELECTRIC-COATED GUIDING SURFACE In this Section the analysis is extended to include a dielectriccoated metal sheet. If the dielectric coating is thin, only one surface-wave mode will exist, and this is a principal mode, having no cut-off" property. Moreover, in this case the power flow inside the dielectric will be small in comparison with that outside* and the amplitude of the surface wave will be exactly the same as that which would be excited over a corrugated surface giving the same decay constant, k y . The amplitude can therefore be calculated from the first term of eqn. (20) if the appropriate values of k { and j8,, \fi { = s/ik 2 + k 2 )] are used. In the present notation, the value of k± is now given by the following transcendental equation:
The radiation field can be calculated by the method of stationary phase as in Section 6, just as for a corrugated surface, and is given by a modified form of eqn. (33). In the factor
which represents the reflection coefficient of the surface, k { must now be replaced by an expression which, if d is sufficiently small, can be written analysis for corrugated surfaces is also valid for dielectric-coated surfaces. The results of Section 5 for the field near the surface are therefore valid also for a dielectric-coated surface, and in particular we find a zero of the radiation field at a height 1/&J above the surface, as indicated by eqn. (25), at a sufficiently great distance from the source.
The previous calculations of launching efficiency, on the other hand, cannot be taken over in this way since larger values of 9 are encountered. Calculations of launching efficiency have been made for a dielectric sheet of relative permittivity 2 • 56 (corresponding to Distrene) and of such a thickness that the decayconstant of the surface wave has the same value (0 • 5 k) as that assumed for the corrugated surface. The result is shown in Fig. 9 . It will be noticed that the maximum launching efficiency now occurs at somewhat greater value of h than for the corrugated surface. The maximum launching efficiency is about 85 %.
(11) EXPERIMENTAL RESULTS Some of the theoretical conclusions of the paper have been investigated experimentally at a wavelength of 3 • 2 cm. Since the theory applies to a 2-dimensional problem, it is clear that only a limited verification of the theory is feasible, and the experiments were directed primarily to a determination of the vertical distribution of field. The general arrangement of the apparatus is shown in Fig. 11 consists of a crystal unit fed from a A/2 slot in the end of a waveguide tapered as shown in Fig. 13 to minimize perturbation of the field. The crystal was shown to obey a square-law by an auxiliary experiment without the reactive surface, making use of the inverse distance law of the radiation field. With the reactive surface in position it was soon discovered that, in accordance with the theory, a field distribution resembling a surface wave was found only if the launching slot was fairly close to the reactive surface. A plot of the logarithm of field power density against height with the launching slot 8 mm above the surface is given in Fig. 14 from this graph is 0-313 cm" 1 as compared with the value 0 374 cm-1 calculated from eqn. (43a) with d -0-16 cm, K r -2-56, and A = 3-2cm. Thus the exponential field variation for a surface wave is verified, and the observed rate of decay is in satisfactory agreement with the theoretical value in view of the considerable variations in the thickness of the dielectric sheet at different parts of the surface, in places by as much as 0 • 5 mm, and also, perhaps, because of some contamination of the surface wave by radiation field.
Another prediction of the theory which was investigated experimentally concerns the vanishing of the radiation field at a height 1/ATJ when the detector is a long way from the source.
Experimentally there are two conflicting requirements for the height of the launching slot; to minimize surface-wave excitation the height should be as great as possible, but to justify neglecting the term -sin 2 6 in eqn. (44) it should be as small as possible. At a height of 6 cm the surface-wave field is very small, and the error involved in neglecting --sin 2 6 in eqn. (44) is only a few per cent if the distance from the source is 30 cm or more. The height at which the electric field vanishes is plotted in Fig. 15 as a function of distance from the source. Theoretically this height is 0-374 cm-1 , or 2-68 cm, but it will be seen that the 
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experimental value is considerably less than this. Qualitatively, however, it is clear that the line of zero field follows the surface and is not radial, as it would be for an uncoated metal sheet. It is possible that the discrepancy may be accounted for by residual surface-wave field, for the position of zero field is clearly very susceptible to disturbance from small unwanted fields of this kind.
(12) CONCLUSIONS It has been shown that a high launching efficiency for slot excitation of surface waves is possible if the slot height is properly chosen.
Simple formulae for the radiation field and surface-wave field for any arbitrary aperture distribution have been given for points sufficiently remote from the source.
Some of the conclusions of the theory have been verified experimentally, but the limitations of the apparatus have restricted the scope of this part of the work.
It is proposed to extend this study of launching to the case of the radial cylindrical surface wave, for which an accurate experimental verification should be much simpler.
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